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Abstract
A detailed decomposition of the sources of the Total Factor Productivity (TFP) growth
index within an output distance function framework was carried out, looking at the
following components: technical change, change in technical efficiency, scale component,
and violations of the profit maximizing assumption for inputs and outputs. Stochastic
translog output distance functions were estimated by using panel data from dairy farms
over the period 1991- 1994 for three European regions (northern Germany, the
Netherlands, Poland) separately and for all regions together. The decomposition results
were then examined , and a detailed comparison of the separate and the common model
was made.
Introduction
Until recently, literature on productivity growth measurement has been primarily based on
the standard calculation of Total Factor Productivity (TFP). The growth rate of this index
is usually interpreted as a measure of technical change (TC). This way of interpretation
incorporates several restrictive assumptions such as constant returns to scale and
allocative and technical efficiency. To disentangle some of these shortcomings and to
identify the components of TFP change, several techniques were developed based on the
decomposition of the standard productivity index (TFP).2
Nishimizu and Page (1981) showed that, when panel data are available,
productivity growth can be estimated as the combination of two components, one at the
frontier level (technical change) and the other at the firm level (efficiency change).
Morrison (1992), starting from a cost function approach, ignored the efficiency
component but took the effect of scale economies, markups of price over marginal costs
and also adjustments for capital utilization into account. A decomposition of productivity
growth into scale effects, technical change, technical efficiency and price components was
carried out by Kumbhakar (1997).
In this article we have extended the line of the Kumbhakar production function
approach to a distance function approach. We decomposed the traditional index of TFP
growth into the following components: technical change, change in technical efficiency,
scale component, and price effects of inputs and outputs. The allocative effects for
outputs
1 require the explicit modeling of a multi-input, multi-output technology.
Therefore, we used an output distance function approach.
2 Another characteristic of the
distance function approach is that no behavioral assumption (cost minimization or profit
maximization) is necessary. This might be especially advantageous for the Polish case
because of changes in market constellations in a transformation economy. We then applied
the analysis to the estimation of productivity growth using panel data from dairy farms
over the period 1991-1994 of selected European regions: northern Germany (Schleswig-
Holstein), the Netherlands and Poland. While northern Germany and the Netherlands have
a similar environment with regard to both natural conditions and agricultural policy
regime, Poland as an economy in transformation is clearly a different case. Unlike other
central and east European countries, the private farming in Poland has traditionally been3
much more important than collective (state and cooperative) farming
3. Hence, the
structural transformation of private agriculture in Poland has been smoother than in
countries like the Slovak Republic or Hungary. This allowed us to draw more meaningful
conclusions from direct comparisons between all three regions. Therefore, we estimated a
parametric translog output distance function for each region, and for all regions together
4.
Several approaches to comparing productivity growth have been suggested in
literature. The first studies in this field used a one-dimensional scale. For example, Hayami
and Ruttan (1970) and Kawagoe, Hayami and Ruttan (1985) used cross-country data to
estimate a global production function. An extension of this approach to a two-dimensional
approach was accomplished by using panel data from different countries over time (e.g.
Binswanger et al. (1987), Morrison (1992) and Färe et al (1994)). In our study we used a
three dimensional scale — different farms in different countries in different years. This
allowed us to analyse productivity growth for each country separately, but also for them
together.
The article is structured as follows. First, we give a short description of the output
distance function framework. Using this approach, we then describe the decomposition of
the standard measure of TFP growth. In the next section we look at the incorporation of
these components into a stochastic translog output distance function. We also show how
the discrete nature of data has been taken into account. This is followed by a presentation
of the data and the results of the estimation of TFP growth in the regions over the period
1991-1994. We focus especially on the interpretation of the calculated productivity
growth components. Finally, we summarize and give our main conclusions.4
Theoretical background
One way to define the output distance function is to start from the output correspondence.
Consider a farm using a vector of K inputs xx x
tt
K




t = 1,...,   for each time period t=1…N. The output set is defined as the set
of all output vectors which can be produced with an arbitrary input vector x
t. This defines
the output correspondence which maps each possible vector x
t to an output set P
t(x
t) (see
Färe and Primont, p. 11). In terms of the output correspondence, the output distance
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The distance function is defined as the reciprocal of the maximum proportional expansion
of the output vector y
t, given inputs x
t. It characterizes the technology completely. The
output distance function is non-decreasing, convex, and linearly homogeneous in outputs.
Furthermore, this function is non-increasing and quasiconcave in inputs (see Färe and
Primont).




t) for the case of two outputs y1 and y2 is illustrated in
Figure 1
5. The output set P
t(x
t) is determined by a given input vector x
t. For an arbitrarily
chosen vector of outputs y




t) projects the output vector along the ray
from the origin through y
t on the boundary of Px
tt  . In this example, y
t is interior of
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t) < 1. The distance function takes a value of one whenever the
output vector lies on the outer boundary of the output set. This means that the farm is
technically efficient.5
Figure 1: Productivity change in a distance function framework
We then used this distance function representation of technology to derive the dif-
ferent components of (observable) productivity change: technical change, change in tech-
nical efficiency, scale effect, and price effects of inputs and outputs. Our starting point was
provided by the fact that the reciprocal of the distance function is equal to the Farrell-type
output orientated measure of technical efficiency TE.
6
D txy T E D txy T E OO ,, / l n ,,   =Û + = 10 (2)
This could be rewritten with an exponential non-negative error term u that accounts for
technical inefficiency.
Dt x y u Dt x y u oo , , exp( ) ln , ,   =Û += 10 (3)
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where a dot over a variable indicates the respective growth rate, e.g.,  ￿ y = dy / y.
























7. Using these definitions and
























The traditional total factor productivity growth measure TFP ￿  for a multi-output,


























 is the cost share of input xk, and6
pp p M = 1,...,  , ww w K = 1,...,   are the price vectors for outputs and inputs,
respectively.
Using this definition and equation (5) , we can identify the different components of
TFP growth. Summing up equation (5) and the above definition of TFP growth leads to
equation (6), the decomposition formula of productivity growth for multiple outputs.
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Observable factor productivity growth is decomposed into an output price effect, an input
price effect, a scale effect, a technical change effect, and a technical inefficiency effect
8.
For example, assume constant RTS ( = 1) and allocative inefficiency (see below) on











. If we have
non-constant RTS ( ¹ 1), but allocative and technical efficiency and no technical change,
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These components are also depicted in Figure 1. Technical change leads to a




t+1). The related change in the distance









measures the producer capacity to improve technical efficiency from period t to period








t+1). In Figure 1 there are
locally varying returns to scale, because an increase of x
t to x
t+1 and assuming the same
technology P
t does not lead to an equi-proportianate shift in the isoquant.7
To gain insights into the price effects for output m (Rm - mm ¹ 0) and input k (lk -
 Sk ¹ 0) in Equation (6), we derived the stationary solutions of the following simple profit
maximization approach: max
, yx mm m kk k py wx - åå  subject to Dx y o ,  -= 10
9. The
technology restriction ignores technical inefficiency because we were only interested in the
pure allocative effects. We derived the M+N+1 first order conditions from the












Summing up the first m equations in (i), and by utilizing Euler’s theorem and linear
homogeneity in outputs of the distance function, it can be seen that total revenue must be
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= qq   . By utilizing this
latter identity, we could then express the output share Rm in terms of a logarithmic














From the above, it is clear that the slope of the distance function at the observed
output mix must be equal to the price ratio of the output prices (under profit
maximization). In Figure 1 this equation does not hold at time t and time t+1 because the
assumption of profit maximization is assumed to be violated. We applied a similar
procedure to the K first order conditions of inputs (ii). Summing up these K equations and
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10 To fulfill the first-order conditions for the inputs,8
the cost share Sk has to be equal to the negative of the corresponding logarithmic













To summarize, the following is true for the allocative effects regarding output m























 if no f.o.c. violation for output  / input  ;
 if  f.o.c. violation for output  / input  .
Note that these allocative components represent the part of TFP change that is not tech-
nologically determined, but is caused by the violation of the first order conditions (for per-
fect markets). These violations can occur if market imperfections exist (e.g., transaction
costs, risk, quantitative restrictions, incomplete information, or mark-ups) or if the
behavioral assumptions are inadequate.
These allocative components are somewhat artificial in the sense that they explain
the change of a technological productivity measure by utilizing the extent of violation of
the first order conditions. Since these effects are caused by the problems with market
structure and/or behavioral assumptions, we suggest to contrast the first three components
(TC, TEC and scale component) as the "connected to technology" part of TFP change
with the allocative components as the "connected to market" part of TFP change.
Empirical Specification
In order to estimate a parametric distance function we first had to choose an appropriate
functional form. Coelli and Perelman (1996) enumerated the desirable properties of the
functional form for the distance function (flexible; easy to calculate; permits the imposition
of homogeneity). The translog form has these properties and that is the reason why it is9
found in the literature (e.g. Lovell et al. (1994), Grosskopf et al. (1997)). The translog
specification for the output distance function, with 2 outputs, 4 inputs and technical























































































where, for all farms indexed with a subscript i and for all years indexed with a superscript
t, D
t
Oi  denotes the output distance function measure,
y
t
i  is a vector of outputs (y
t





i  is a vector of inputs (x
t
i1 = intermediate input, x
t





i4 = land), and
a, b, g, d are parameters to be estimated.
The output distance function is linear homogeneous in outputs. Therefore, a normalization
with respect to one of the outputs is admissible (we normalize with output 2)
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The major problem with econometric estimation of distance functions is that the dependent
variable cannot be observed. Using the homogeneity restriction and from equation (5) it
follows that ln D
t
Oi equals minus - u
t
i. By adding a random error term, the output distance
function can be rewritten
11 as:10

































































































i  is a random error term, independently and identically distributed as N(0,sv
2),
intended to capture events beyond the control of farmers, and
u
t
i is a non-negative random error term, intended to capture technical inefficiency in












, the Di variables represent dum-
mies that have a value of one in year i, and w is a vector to be estimated.
12 For the
common country estimation we extended this model by including country-specific
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This function was slightly adapted for our purposes by transforming the left hand side of
the equation to be ln y
t
i2 rather than - ln y
t
i2. Because of the a minus sign for u
t
i, the
resulting function is more comparable to standard production frontier models. We
estimated the stochastic translog distance function by using maximum likelihood. The
maximum likelihood function of this model was derived and evaluated by Battese and
Coelli (1993). We used Gauss to estimate the model and to generate the parameters
required for the decomposition in equation (6).
The results given in the previous section can only be applied accurately to data
generated continuously. Since our data came only through discrete observations, the
variables in Equation (6) had to be approximated. We chose the common approximation
to use the arithmetic mean of the shares. We also used the averages of m‘s and l‘s. For11




For estimating the translog distance function we had to decide between modeling more
technical details by applying more inputs and adding the risk of multicollinearity on the
one hand, and aggregating the inputs and sacrificing potentially useful information on the
other. In the specification we chose the conventional procedure: inputs were aggregated
into four categories (intermediate inputs, labour, capital and land), and the outputs were
aggregated into two categories (milk and other outputs, e.g. meat). Where prices at the
farm level were available in the data sets, we used them to calculate price indexes. Where
price information was not directly available, we took the price indexes from official
statistics. The data set contained information on the quantity of milk produced and the
value of sales to the milk factory and to other customers. The price that farmers received
from the factory depends on the protein and fat content of the milk, and so milk prices
reflected differences in quality. Some farmers sold home-made cheese and butter, or sold
milk directly to customers. If we had used an index of the quantity of milk produced, the
differences in prices between farmers would have been the result of differences in the
quality of outputs and in the composition of the components. This price index then would
become an endogenous variable. Therefore we preferred using an implicit quantity index.
Implicit quantity indexes for the milk output and other outputs were obtained as the ratio
of value to the price index. Therefore these variables were in prices of a specific year with
1994 being the base year. The same method was used to aggregate capital stock
(buildings, equipment and livestock) and the intermediate inputs (concentrates, roughage,12
fertilizer and other intermediate inputs). The labor input consisted of total on-farm
14 family
labour in hours. For Germany, labour was originally measured in man years and was
transformed using the ratio of 2200 hours per man year. The land input was measured in
hectares. The characteristics of the sample are summarized in the table below. In the
estimation we used the sample mean to normalize all variables. We did this to ensure
independence of units of measurement.
The focus of our research is to identify and separate the sources of productivity
growth over time. This identification is the more reliable, the longer each farm has been
observed. For this reason, we restricted all data sets to balanced sub-samples, i.e. we
considered only those farms that were in the sample each year.
For the Netherlands we used data from 141 highly specialized dairy farms that
were in the Dutch Farm Accountancy Data Network for 1991-1994. We used the same
period for the other countries. During this period, the Dutch and German farmers, as
members of the European Union, were confronted by a milk quota system, while the
Polish farmers faced a minimum price system. For Germany we utilized data describing the
production activities of 34 specialized dairy farms in Schleswig -Holstein for 1991-1994.
The selection of farms was done by applying standardized gross margins to every farms
factor endowment. The selection criterion was that over 75% of total standardized gross
margin stem from dairy production. The same criterion was used for the Dutch data. For
Poland, we utilized results from a farm accounting survey in the region around Poznan
(Middle West Poland) that had been collected by the Institute for Agriculture and Food
Industries (IERiGZ) in Warsaw. We had an unbalanced panel of about 700 farms from
1991 to 1994. We then constructed a balanced sub-sample panel of 50 farms per year. The13
selection criterion was that farms had to produce at least some milk. These data were the
first reliable data sets after transition that are based on individual farm results.
Table 1: Characteristics of the sample
As can be seen from Table 1, the Dutch farms were the most specialized in milk
production while farms from Poland were the most diversified. Total production was
ranked in the same order across the countries.
Empirical results
Four models are estimated: a separate distance function for each country and one common
distance function. The common frontier was motivated by the fact that we were interested
to see which country’s farms determine the position of this hypothetical frontier. It could
be seen as a kind of estimate of the production potential in the regions, if all farms were
facing the same environment and had access to the same technology.
Parameter estimates
Before beginning to describe and interpret the main results, namely the development of
TFP growth and its components, we use Appendix Table A1 to give an overview of the
estimated coefficients of the various distance functions.
We found between 38% and 61% significant parameters, where the "best" results
show up for the pooled estimation (61%) and the single country estimation for Poland
(56%). The high rate of statistically significant parameters in the common frontier model,
despite the differences between the countries, is probably because of the mitigation of
multicollinearity problems in the single country models. With panel data, it is possible to
test for poolability. In our case, this amounted to checking if the estimated translog14
parameters of the single country models differed significantly from the common country
model. The null hypothesis of poolability across countries was rejected at the 5 %
significance level
15.
The statistical significance of the parameter ￿u which measures the relative
importance of inefficiency is high in all models except for the Netherlands. Note that we
found no significant change in time of the frontier for the Netherlands (Dummy 91 –
Dummy 94 are not significant). Most of these parameters can be more easily interpreted by
calculating elasticities.
Distance Elasticities
Table 2 gives an overview of the technological properties of the estimated models based
on the average elasticities of the distance function with respect to outputs and inputs. For
example, the low (high) milk output elasticity in Poland (Netherlands) reflects the low
(high) share of milk in production. Because of the homogeneity constraint in outputs, the
picture for the elasticity of other output is simply the opposite. There is a common pattern
for the input elasticities
16 across all countries: a very low elasticity for labour is found in all
three regions, indicating that labor is not the scarcest input in any of them. The most
important input is intermediates. Its distance elasticity varies from 0.5 (Netherland) to over
0.7(Poland) in absolute values. Most surprisingly, the value of the distance elasticity of
capital for Poland is very low, compared to the results from the other single-country
estimations. This feature needs to be explored further. A detailed look at the individual
results for Poland reveals a very high variability of this elasticity. The relative coefficient of
variation is found to be as high as 56%. The marginal productivity as indicated by the15
capital distance elasticity varies in the sample, reflecting the effect of restrictions on the
capital market.
17 Results for technical change are interesting. While there is a very high
rate of technical progress for the German farms (nearly 8% p.a.), the Polish farms seem to
have suffered from technical regress (over 9% p.a.). In the Netherlands, there are only
modest annual rates of technological progress (0.4%). At the sample mean, increasing
returns to scale are realized for the single country estimations as well as for the common
country estimation.
Table 2: Average distance elasticities
Technical efficiency
The degree of technical inefficiency in production is documented in Table 3 for every
region and year. In general, the coefficients for the single country estimation show the
actual opportunities for improvements, while the common frontier estimates give an idea
of the potential (especially for Poland) that might be realized by adopting the (purely
hypothetical) common best-practice sectoral frontier technology.
The single country estimates show a high level of technical efficiency in the
Netherlands as well as in Germany. This also indicates the high degree of similarity of
factor endowment and production possibilities between the farms in these countries. In the
Netherlands, these results are not surprising because the frontier is not statistically
different from the average distance function in any year. Consequently, no specific pattern
of temporal change could be identified. In Germany, however, there is a distinct decrease
in the efficieny score from 1991 to 1994. Of course, this is partly caused by the rapid
technological progress found in this region. The single country results for Poland reveal16
that the Polish farms were quite efficient in the first year of the observation period. In
1992, there was a decrease in technical efficiency which persisted in 1993. At the end of
the sample period,  average efficiency again approached the original high level. This latter
catching up is not surprising, since the technological regress from 1991 to 1994 should
have made it easier for the farmers to reach a point of production close to the frontier.
The common distance function seems to be determined by the Dutch farms, i.e.
when measured in relation to the hypothetical common frontier, the farms in the
Netherlands are by far the closest to this in every year. The German farms are second
closest and greatest deviations from the hypothetical common technology are found for
the Polish farms.
The last column of Table 3 shows clearly how the level of technical efficiency
changes from the single country estimates to the common country estimates. Although this
change is not unexpected, it is nevertheless interesting not only to look at the levels of
technical efficiency, but also to compare the relative rankings of the farms in the single
country model with those in the common country model. The calculation of rank
correlation coefficients shows that rankings remain very stable for the Netherlands (0.95)
and Poland (0.89). This indicates that the ranking of farms according to their technical
efficiency score is unaffected by the model chosen. For Germany, the rank correlation
coefficient is lower (0.58), but this is still indicative of a significant relationship between
the results from the alternative model specifications.
Table 3: Average technical efficiency by years and regions17
Components of TFP change
We now continue with the description and interpretation of TFP change and the
decomposition of its components. Table 4 contains the average results for the
decomposition of TFP change over the investigated period (1991-1994) for every single
country.
The most rapid change in productivity growth was realized in Schleswig-Holstein
with about 6 % per annum. Over the same period, the Polish farms experienced an annual
decrease in total factor productivity of about 5 %. In the Netherlands, annual total factor
productivity growth in milk production amounted nearly 3 %.
Table 4: Decomposition of TFP change p.a. by regions, 1991-94
The productivity growth in Germany is mainly caused by the high rate of technical change
(TC) of about 8 % (0.0782). A slight decrease in the technical efficiency component
(TEC) of 2.5 percentage points (-0.025) and in the scale component (RTS) of about 0.5 %
(-0.0053) offsets the effect of the fast rate of technical change. When summarizing these
three components we noticed the prevalence of these "connected to technology ” elements
of productivity change. They add up to about 4.8 % of TFP growth. This is four times as
high as the total influence of the components that we classified as "connected to market",
which amounts to only 1.2 %. Three quarters of this sum (0.0078) comes from the impact
of allocative inefficiencies induced by labor input.
The sharp decrease of total factor productivity in Poland is mainly dominated by
the technical change component (TC) with a rate of technological regress of nearly 9 % (-
0.0873). One possible hypothesis for this feature could be based on the specific problems
that the Polish agriculture faced in the first years of transition. At the beginning, the18
available technology possibly did not change very much, but the access to inputs was
partly restricted. If all farms experienced such a limited access, we could see the
contraction of the output set as a technological regress. The small increase of the technical
efficiency component (TEC) of about 0.3 percentage points (0.0034) and of the scale
component (RTS) with about 0.6 % (0.0058) cannot offset the negative effect of technical
change. Again, Table 4 shows a dominance of the elements of productivity change that are
"connected to technology". Together, they account for nearly - 8 % of the total change.
The "connected to market" change of TFP amounts to about 2.6 % (0.0258). It is obvious
how misleading the traditional TFP growth measure, if interpreted as a proxy for technical
change can be if these components are ignored. In particular the effect of intermediates
with about 4.7 % (0.0467) and the effect of capital with - 1.8 % (0.018) indicate a
relatively high degree of distortion that originate either from allocative inefficiencies or
market imperfections.
The observed total productivity growth of about 3 % per annum in the Dutch milk
industry shown in Table 4 is highly influenced by the components "connected to market".
The total technologically-induced productivity change adds up to about 1.4 % (0.0137). If
we look at the results in more detail, we see that the rate of technical change is relatively
low with about 0.4 % (0.0043), the technical efficiency component (TEC) is slightly
higher with 0.7 percentage points (0.007) and the average influence of RTS of about 0.2
% (0.0024) can almost be ignored. The calculated TFP growth is dominated by the
”allocatively induced” elements that amount to about 1.5 %. This means that these
components account for about 50 % of total TFP change. Nearly all of this is generally
determined by the inputs, while the average output mix seems to be optimal.19
Turning to the results of the estimated common distance frontier, a first look at
Figure 2 reveals an interesting picture. The overall productivity growth rate increased
steadily during the sample period, starting with about -0.5 % in 1991/92 to more than 1 %
in 1992/93 and to about 3 % in 1993/94. This amounts to an annual TFP increase of about
1.2 % (0.0126). The largest and the smallest values are also presented in Figure 2, the
white area representing the interval between the 25% and 75% quantile. Appendix Table
A2 gives the results of the decomposition of this aggregate number for all farms. The
interpretation of this decomposition, however, is a difficult issue in this model. In fact, the
allocative terms in the decomposition formula always depend on the deviation between the
observed shares and the estimated distance elasticities. Consider the case of Poland. If we
apply the decomposition to the common frontier model, the Polish farmers are presumed
to optimize with respect to some distance elasticities which they are not even able to
observe. This underlines the critical impact of the assumption that all farms in a specific
model have access to the same technology. However, it is not very realistic to assume that
the Polish farms actually had access to the same technology as the German and Dutch
farmers during the observation period.
Figure 2
Despite these limitations, the results of technical change and technical efficiency change
deserve some consideration. These results show an average technological regress of the
frontier of 1 % (- 0.0106) that is almost completely offset by the increase in efficiency of
about 0.7 percentage points (0.0072). For the average farm, however, both measures are
numerically small. The wide range of all values in Appendix Table A2 suggests that the
aggregate picture might hide some further characteristics of this model.20
We now proceed with the discussion of the common frontier model with the
disaggregated results (see Appendix Table A3), where the detailed results are given per
country and year. In the overall frontier framework, the German dairy farms show a rate of
technical change of 2% per annum and an improvement of their technical efficiency. The
German farmers are not only very good in catching up but are also shown to be
innovative. Both components together explain most of the observed TFP growth. The rate
of technical change has increased over time, while the movements towards the frontier
have become slower, even becoming negative in 1993/94. The Polish farmers face a
decrease in technical change of 6% per annum. They also are not able to catch up to the
common frontier since their technical efficiency remains virtually unchanged. Most of this
negative development occurs in the period 1991/92, while the following years show some
signs of improvement. In the overall framework, the Dutch farmers show only a low
increase of technical change of 0.3 % per annum for the period 1991/94, and an
improvement in technical efficiency.
As shown above, these results should be compared to the single frontier estimates.
For the estimates of the technical change component, the results of the common frontier
model are clearly influenced by the fact that each of the regions experienced a different
development over the sample period. The extreme rates of technical change for Poland and
Germany are substantially reduced in magnitude, while the estimate for the Netherlands
remains nearly unchanged. The extreme rates of technical change from the single country
models are smoothed out in the common frontier framework.
These movements of the frontier also influence the results for the technical
efficiency change. For Poland, the single country model gave positive technical efficiency21
changes. In the common frontier model, this change becomes (modestly) negative. This is
because in the single country model, the reference against which efficiency is measured
moves strongly downward over time (remember that the technical change for Poland was
negative). In the common frontier model, the downward movement of that part of the
frontier that is relevant for the Polish farms is smaller (see above). Therefore, more of the
deterioration observed can be attributed to efficiency, which leads to a negative change in
technical efficiency. Compare this with the picture for the change in technical efficiency for
northern Germany. Here the single country efficiency change was estimated negatively. In
the common frontier model, we estimate this change positive. Here, the same mechanism
is at work in reverse. The previously high estimate of technical change is now lower.
Therefore, more of the improved performance of the German farmers can be attributed to
efficiency change and less to technical progress.
One last thing should be noted about the common frontier model. Although the
interpretation of the allocative components of the decomposition was fraught with
difficulties, the general pattern of distortion remained remarkably stable between the
models. For Schleswig-Holstein, the overall impact of the 'connected to market'
components, i.e. the price effects for inputs and outputs, was relatively small in the single
country model, and within these components, distortions caused by the capital input were
dominant. The picture remained the same for the common estimation. The relative
importance of the labor component was reduced, because the very low value of the
distance elasticity for labor from the single country estimation was higher for the common
frontier model. The pattern was even more similar for Poland and the Netherlands. In
Poland, the intermediate input was the single most important component among the inputs22
in the single frontier model, and this was the same for the common estimation. The results
for the allocative components of TFP growth for the Dutch farms not only showed the
same relative importance, but also the same magnitudes. This underlines the stability of
these estimates.
Summary
We decomposed the standard measure of productivity growth into four basic components
using a distance function framework. The first component, technical change, accounted for
in a shift of the production possibilities frontier over time. The second component was the
change in the level of outputs in relation to the frontier resulting in a change of technical
efficiency. The third was the scale component. The last component (which can be divided
into six subgroups since we distinguished two outputs and four inputs) was related to
violations of the profit maximizing assumption implicitly made when calculating the
standard measure of productivity growth.
By means of the stochastic frontier approach, we estimated a translog output
distance function, using data in three dimensions: different farms from different countries
(Germany, Poland and the Netherlands) over a period of time (1991-1994). Four models
were estimated: a separate distance function for each country and one common distance
function.
For the single country estimates the average annual productivity growth in Ger-
many was about 6 %. This was mainly caused by the high rate of technical change. There
was a slight decrease in technical efficiency and in the scale component. The violations of
the profit maximizing assumption proved to be of minor importance. For Poland, there
was a sharp decrease in annual productivity growth of -5% in this transition period. This23
was clearly dominated by the technical change component . In the Netherlands, the annual
productivity growth of about 3% was influenced more by factors related to the violations
of the profit maximizing assumption implicitly made in the calculation of the standard TFP
measure.
The common distance function estimate was dominated by the Dutch farms. The German
farms were the second closest to this hypothetical frontier, but we attributed their high rate
of catching up to a different source. There is a shift from the observed technical progress
in the single country estimation for Germany towards an improvement in technical
efficiency for these farms when measured against the common frontier. The largest
distance was found for the the Polish farms. Assuming a common technology for these
three countries, then the development in Poland shows a severe deterioration in
productivity.
To summarize, the results discussed in this article reveal interesting insights into
the components of productivity growth that prove the need for this decomposition
procedure. The common frontier results that are based on the assumption of a common
technology are consistent with a priori expectations.
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Appendix
Calculation of the components of TFP Growth
To decompose TFP growth according to Equation (6), we need the growth rates of inputs
and outputs, and the revenue and cost shares R and S. We also require the parameters mm,
lk, RTS, the change in technical efficiency, and the magnitude of technical change. The
calculation of the latter parameters is based on the coefficient estimates from the
econometric model. According to their definitions, each of these quantities is derived from
the corresponding distance function elasticity. Returns to scale are then calculated as the
negative sum of distance elasticities with respect to the inputs. The growth rates of inputs
and outputs are readily available from the data. We took the difference of the logarithms27
of the variables from year to year. The shares were calculated using representative price
indices from official statistics. Together with the quantities from the data set, we were able
to calculate the corresponding shares.
We decided to overcome the problem that we could only observe discretized data
by averaging between years for all calculations. For example, the parameter mm for the
period 1991/92 was calculated as the arithmetic mean of the values in every single year.
Table A1: Parameter estimates
Table A2: Decomposition of TFP change p.a. for all regions, 1991-94
Table A3: Decomposition of TFP change by years and regions
Notes:
                                               
1 Multiple outputs are a common feature of agricultural production. This holds even for specialised dairy
farms since they also produce some meat.
2  This device for efficiency measurement with multiple outputs has already been used by others, see e.g.
Coelli and Perelman (1996), Grosskopf et al. (1997), and Morrison and Johnston (1997).
3 For example, as early as 1989, about 80% of utilized agricultural area in Poland was cultivated by the
private farming sector. The transformation process in Polish agriculture is described in detail by OECD
(1994).
4 We have used a parametric approach because it can distinguish the effects of noise from the above
mentioned components.
5 This is an extension of a figure used by Fuentes et al. (1997).
6 To facilitate the calculation of technical change, the influence of time is considered as an exogenous time




7 Returns to scale (RTS) are defined as in Färe and Primont (1995)
8 In the case of only one output, equation (6) is identical to the formula Kumbhakar (1997) derived in the
context of a production function.
9 To simplify the exposition, the time regressor t has been left out.28
                                                                                                                                           
10 Since there are no homogeneity restrictions on inputs, the term with the sum of the partial derivatives
does not vanish but is substituted by the expression for the returns to scale.
11 Coelli and Perelman (1996) discussed the endogeneity problem for outputs in a distance function. We
followed their reasoning that the ratios of outputs in the transformed distance function (9) are not
endogeneous.
12 Other explanatory variables can also be included in the equation of m
t
i (Battese and Coelli, 1995).
However, as the focus of our research was not efficiency measurement, we chose a simple function
which allowed for time varying inefficiency per farm.
13 The calculation of the parameters is explained in more detail in the appendix.
14 The difference between available family labor and actual on-farm work is important especially for the
Polish data. About 25% of total family work time is spent on off-farm activities.
15 This test can be formulated as a LR-test (see Baltagi (1995), p.53), where the sum of the likelihood
values of the single country estimates is compared to the likelihood of the pooled model. This statistic is
c
2(A-1)B distributed, where A is the number of countries and B is the number of parameters in the
pooled model. The calculated value of 194.78 exceeds the critical value for 72 df and 5 % significance
level (92.81 ), so that the null of poolability can be rejected.
16 The distance elasticities for a "well behaved" input must be negative. A positive value for time therefore
implies technical regress.
17 The prevailing restrictions on the capital market in Poland during the observation period mean that the
potential marginal productivity of capital could not be fully exploited by each farm. With a functioning
market, farmers with higher marginal productivity would have been able to acquire more of this factor.
This would have decreased marginal productivity. At the end, the variation of marginal productivity
should approach zero, except for quality differences. In this sense, high variability must come either
from restrictions on factor markets (e.g., for capital, credit restrictions; for labour, institutional
restrictions) or from different factor qualities.29
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Source: Extension of a figure used by Fuentes et al., 1997.
Table 1: Characteristics of the Sample:
Variables Unit mean min. max. std. dev.
Germany
(128 observations)
Milk Output 1,000 ‘94DM 138 59 321 48
Other Outputs 1,000 ‘94DM 95 37 208 36
Intermediate Input 1,000 ‘94DM 134 68 351 50
Labour hours 3,795 2,200 5,940 954
Capital 1,000 ‘94DM 540 238 840 153
Land hectares 52 28 92 13
Poland
(200 observations)
Milk output 1,000 ‘94DM 2.66 0.02 35.76 4.40
Other Outputs 1,000 ‘94DM 13.35 2.20 48.22 9.69
Intermediate Input 1,000 ‘94DM 9.34 1.67 38.36 6.95
Labour hours 3,432 1,030 9,030 1,667
Capital 1,000 ‘94DM 52.76 8.80 230.91 44.89
Land hectares 9.79 1.78 31.45 6.76
Netherlands
(564 observations)
Milk output 1,000 ‘94DM 316 45 919 173
Other Outputs 1,000 ‘94DM 42 4 222 30
Intermediate Input 1,000 ‘94DM 120 18 381 69
Labour hours 4,315 1,500 11,050 1,455
Capital 1,000 ‘94DM 752 112 1781 378
Land hectares 40 7 131 20
Source: Own calculations.30
Table 2: Average distance elasticities
SH PO NL TOT
milk 0.5123 0.1681 0.8872 0.6847
other outputs 0.4877 0.8319 0.1128 0.3153
intermediates -0.5594 -0.7065 -0.4990 -0.5235
labour -0.0548 -0.1616 -0.0916 -0.1111
capital -0.2921 -0.0177 -0.1713 -0.1552
land -0.1866 -0.2119 -0.3293 -0.3197
time -0.0790 0.0887 -0.0043 0.0106
RTS 1.0929 1.0976 1.0911 1.1095
Source: Own calculations.
Table 3: Average technical efficiency by years and regions
type of frontier 1991 1992 1993 1994
Schleswig-Holstein single 0.950 0.992 0.990 0.875
common 0.489 0.526 0.551 0.537
Poland single 0.843 0.726 0.725 0.757
common 0.305 0.292 0.335 0.302
The Netherlands single 0.882 0.893 0.894 0.903
common 0.795 0.830 0.834 0.819
overall 0.641 0.666 0.682 0.662
Source: Own calculations.31
Table 4: Decomposition of TFP change p.a. by regions, 1991-94
Mean Std Dev. Minimum Maximum
Schleswig-Holstein
TFP change 0.0599 0.0537 -0.0596 0.238
milk 0.0038 0.0116 -0.0253 0.0454
other outputs -0.0025 0.0262 -0.0597 0.1658
Scale effects -0.0053 0.0472 -0.2719 0.1157
intermediates 0.0013 0.0557 -0.1884 0.1809
labour 0.0078 0.0361 -0.0564 0.2064
capital -0.0008 0.0191 -0.1066 0.0672
land 0.0023 0.0142 -0.078 0.0712
Technical Change 0.0782 0.0552 -0.0304 0.186
Technical Eff. Change -0.025 0.0696 -0.1745 0.0999
Poland
TFP change -0.0521 0.144 -0.4916 0.3072
milk -0.0031 0.0308 -0.2601 0.077
other outputs -0.0009 0.0142 -0.0561 0.0592
Scale effects 0.0058 0.0219 -0.1160 0.1063
intermediates 0.0467 0.084 -0.2487 0.3329
labour 0.002 0.0317 -0.1315 0.2185
capital -0.018 0.0767 -0.3728 0.2219
land -0.0009 0.0239 -0.1733 0.1499
Technical Change -0.0873 0.1961 -0.4213 0.2067
Technical Eff. Change 0.0034 0.1857 -0.4121 0.2999
The Netherlands
TFP change 0.0287 0.0538 -0.1145 0.2674
milk 0.0003 0.0041 -0.0196 0.0245
other outputs 0 0.0216 -0.1254 0.1378
Scale effects 0.0024 0.0085 -0.0337 0.0587
intermediates 0.0067 0.0233 -0.0823 0.1237
labour 0.0036 0.0289 -0.1706 0.2089
capital 0.0008 0.0129 -0.0904 0.1411
land 0.0036 0.0207 -0.1311 0.0981
Technical Change 0.0043 0.017 -0.0341 0.0447
Technical Eff. Change 0.007 0.0477 -0.1435 0.1933
Remark: Single frontier results;
Source: Own calculations.32













Remark: Common frontier results;
Source: Own calculations.
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Appendix Table 1: Parameter estimates























































































































































































































38% 56% 35% 61%34
Remark: A star indicates significance on the 5 % level.
Source: Own calculations.
Appendix Table 2: Decomposition of TFP change p.a. for all regions, 1991-94
Mean Std Dev Minimum Maximum
TFP change 0.0126 0.0802 -0.4289 0.3110
milk -0.0007 0.0190 -0.3155 0.0502
other outputs -0.0001 0.0140 -0.0609 0.0494
Scale effects 0.0024 0.0093 -0.0493 0.0630
intermediates 0.0122 0.0435 -0.1935 0.4189
labour 0.0024 0.0250 -0.1820 0.1858
capital -0.0040 0.0388 -0.3597 0.2313
land 0.0037 0.023 -0.2413 0.1254
Technical Change -0.0106 0.0519 -0.1515 0.1229
Technical Eff. Change 0.0072 0.0580 -0.1882 0.1868
Remark: Common frontier results;
Source: Own calculations.















91/92 0.0147 -0.0014 0.0001 -0.0019 0.0015 0.0035 -0.0024 0.0038 -0.0261 0.0377
92/93 0.0578 -0.0006 0.0088 0.0015 0.0000 0.0039 -0.0005 0.0003 0.0199 0.0245
93/94 0.0436 -0.0030 -0.0029 -0.0013 -0.0014 -0.0024 -0.0016 0.0037 0.0659 -0.0135
p.a. 0.0387 -0.0016 0.0020 -0.0006 0.0000 0.0017 -0.0015 0.0026 0.0199 0.0162
Poland
91/92 -0.0544 -0.0031 -0.0028 0.0067 0.0783 -0.0012 0.0005 -0.0043 -0.1157 -0.0130
92/93 -0.0568 -0.0006 0.0045 -0.0009 -0.0143 0.0045 -0.0282 0.0026 -0.0681 0.0438
93/94 -0.0300 -0.0104 -0.0013 0.0038 0.0565 -0.0038 -0.0322 0.0118 -0.0210 -0.0335
p.a. -0.0471 -0.0047 0.0001 0.0032 0.0402 -0.0002 -0.0200 0.0034 -0.0682 -0.0009
The Netherlands
91/92 0.0082 0.0011 -0.0009 0.0028 0.0032 0.0032 0.0014 0.0055 -0.0432 0.0351
92/93 0.0241 0.0007 -0.0004 0.0029 0.0065 0.0033 0.0019 0.0022 0.0030 0.0041
93/94 0.0510 0.0011 -0.0008 0.0025 0.0057 0.0041 0.0000 0.0047 0.0492 -0.0152
p.a. 0.0278 0.0010 -0.0007 0.0027 0.0051 0.0035 0.0011 0.0041 0.0030 0.0080
Remark: Common frontier results;
Source: Own calculations.